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¢. Consider a two thin bi-convex lenses of focal length f, and f,. They are placed closely
together separated by a distance d. Light parallel to the optical axis hits the lens system
and is focused behind the lens pair. Derive the expression for the focal length f of an
alternative single lens, such that the rays behind lens 2 do not change. At which distance
§ does the lens has to be placed relative to the second lens?
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2. El
€ctromagnetic waves

Consid
€r an electr : }
omagnetic plane wave in vacuum with the intensity I.
The el .
> electric - 2 . b S ”
B_(I l) E field in vac uum is given by E(x,t) = Eo cos(kx — wt) and the B-field by
i : ; = Bpcos(kx — wt). Note: In a linear, isotropic medium the relation T}‘: ‘f‘-},‘f
is valid. 5 tf 8- )IN"{
> v X S 3 = r 5 0
Give the expressions for the impedance, | Eg| and | Bo| in vacuum. What are the units
B V/m 3= |
1). (Reflections at the interface

for these values?
b. Now the wave propagates in glass (¢ = 1.44, p
neglected). Express the ratio Fﬁ'ﬁ,—, and -B—ﬁ?.:-

“0 0
c. Express the pressure P, which is given by P = co - |#| (& is the momentum density)
and the force F as a function of the intensity.
If the force exerted on a 10cm x 10cm square plate that absorbs all the light is

d.
F = 46nN evaluate I and P.

e. This intensity is typical for which light source?

Fraunhofer diffraction
ditions of illumination and detection.

a. Give the Fraunhofer diffraction con
r diffraction establish the transmission function

b. Within the framework of Fraunhofe

of the following arrangement of slits:
, I 5a \
2 e i
4 —p X
0

The width of the single slits can be neglected, so that the transmission function can be
ansformation of the transmis-

expressed as sum of d-functions.
c. Calculate the diffraction pattern intensity by Fourier tr
sion function. Express the resulting profile as product of cosine functions.

d. Sketch the resulting diffraction pattern. bﬁ{ouj
Describe the light wave coming from each individual slit.

e. Answer qualitatively:
If the slit width can no longer be neglected. How is the diffrac-

f. Answer qualitatively:
tion intensity profile function affected?
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circle of radius R. The light needs a time
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2. What is the expression of t17
b. What is the expression of AL?

dc. Deduce from a. and b. an expression for 4y
. For ¢ '
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a. Write down th
e e Helmholtz, equation. For which type of waves can it be used?

i Z € €. nltiO ” . . ”» el its
e ool n of the "spectral resolution” of a spectrometer and describe its
c. E i e ;

Xplain why it is not possible to have a two level laser system?
d. What is a phonon? What is an optical phonon? What is required for an optical
phonon to couple to light?
e. Give the expression for the Rayleigh criterion? The Rayleigh criterion describes that

the performance of optical INStrumMents iS; .............. .ss-siecseses Sketch the images of two
point light sources and describe the condition for which the above formula is derived.

f. A diffraction grating produces for a light of wavelength A = 500nm fourth-order pat-
tern at an angle 6 = . What is the number of slits for a grading of width 10mm.
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